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Baikal-GVD: pe3syabrars! 3xkcneauuuu 2019 r.

baiikanbckuil TiyOOKOBOIHBIN HEHTPUHHBIN TEIECKOIT
Baikal-GVD npenra3HaueH [UTs1 HCCICIOBAHS IIPUPOTHOTO
[I0TOKA HEUTPUHO BBICOKUX SHEpruil. B pesynsrare B3aumo-
JIeHCTBHUI HEUTPHUHO B Bozie 03. baiikan o0pa3yroTcst MIOOHBI
¥ KacKaJHBIC JIMBHU, TCHEPUPYIOIINE YSPSHKOBCKOE H3ITy-
YEeHHUE, KOTOPOE PErUCTPUPYETCS ONTHYECKUMH MOIYJISIMU
YCTaHOBKH. PerrcTpupytoras crucTeMa TeIecKora Mmo3BoIs-
€T U3MEPATH BPEMEHa PETHCTPALNH U3ITyYSHUS ONITHYECKHU-
MH MOJYJISIMH, HAa OCHOBaHUH KOTOPBIX BOCCTaHABIIMBAIOTCS
TPAeKTOPHU IBIDKYIIUXCA YAaCTHI[ C YIJIOBOH TOYHOCTBHIO
J0 noneit rpagycoB. Tak Kak TpaeKTOPUU 3apsDKEHHBIX Ya-
CTWI] ¥ TIEPBOHAYATBHBIX YACTHI[ (HEHTPHHO W MIOOHOB)
MPAKTUYECKH COBIAJIAIOT, @ HEHTPHHO B KOCMUYECKOM Mpo-
CTPAHCTBE JABWKETCS TI0 MPSIMOIMHEHHBIM TPASKTOPHSM OT
HUCTOYHHUKA MTPAKTHICCKU 0€3 TOTEPU SHEPIUH, TO OOJIBIIHE
NTyOOKOBO/IHBIC HEWTPHHHBIC TEJIECKOIIBI TIOCIE JTOCTHKE-
HUSL OTIPENICNICHHBIX Pa3MepOB TIO3BOJIAT OTKPHIT 3Py HEH-
TPUHHOM aCTPOHOMUH, T. €. U3y4aTb CTPYKTYpPy U MPOLECCH
BcenenHoli Ha pacCTOSHUSX, HE JOCTYIIHBIX HU AJIS1 KAKHUX
JPYTUX CIIOCOOOB M MHCTPYMEHTOB.

BriepBoie acTpodu3nieckie HEHTPUHO BBICOKHX dHEP-
Uil OBIIM 3aperucTpUpPOBAHBl HEHUTPUHHBIM TEJIECKOIIOM
IceCube (CIIA, TI'epmanwmsi, I1IBerwst), 94T0 MOATBEPANIO
MPaBUIBHOCTh U TEPCIEKTUBHOCTh CO3/IaHUSI CETH Tele-
CKOTIOB TIOIOOHOTO pa3zMmepa. Pe3ymsrarel 00paboTkm naH-
HBIX, TOJYYEHHBIX C IIOMOILIBIO paHee YCTAHOBJICHHBIX
knactepoB Baikal-GVD, nokasanm ero criocoOHOCTb peru-
CTPHUPOBATh HEUTPHHO BBICOKUX YHEPT Uil U HEOOXOTUMOCTh
YBEJIMYEHHUS €0 00beMa JUIsl NOBBIILCHUS HAISKHOCTH U
JIOCTOBEPHOCTH PE3yIbTaTOB.

CaoiicTBa 0aiiKaIbCKO BOJIBL, @ TAK)KE COBOKYITHOCTh
JPYTHX COIyTCTBYIOIIUX OOCTOSTENIHCTB HAIOT BO3MOX-
HOCTb CO3/aHUSl YHHKAJbHONH B MHUPOBOM INpaKTHUKE IO
YYBCTBUTEIHHOCTU U YITIOBOMY Pa3pelICHHIO YCTaHOBKH,
OTKpPBIBAIOIIEH HOBbIE TOPU3OHTHI B aCTPOHOMHUH U aCTPO-
¢busuke.

Baiikanpckuii TITyOOKOBOAHBIM HEHTPHHHBIA Tele-
CKOII SIBJIIETCS] YHUKaJIbHON HayyHOH ycTaHOBKoH Poccun
u, Hapsany ¢ IceCube, ANTARES nu KM3NeT, Bxonut B
mobaneHy0 HelTpuHHY ceTh (GNN) kak BaHEHIIHN
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The Baikal-GVD: Results of the Expedition-2019

The Baikal-GVD telescope is aimed at the study of
the natural flux of high-energy neutrinos. As a result of
interactions of neutrinos in the waters of Lake Baikal,
charged leptons and cascade showers are produced that
generate Cherenkov radiation, which is registered by the
optical modules of the facility. The electronic system of
the telescope measures the exact time of radiation regis-
tered by the optical modules with accuracy up to billionths
of a second, thus making it possible to reconstruct tracks
of moving particles with an angular accuracy of fractions
of a degree. For characteristic energies of particles stud-
ied at the neutrino telescope, tracks of charged particles
nearly coincide with the arrival direction of astrophysi-
cal neutrinos, traveling towards us without any deviations
from their source and nearly without energy loss. That is
why deep underwater neutrino telescopes, after reaching
a particular size, open the era of neutrino astronomy, thus

allowing the study of the structure and processes of the
Universe at a distance that cannot be achieved by any other
means.

Astrophysical high-energy neutrinos were registered
for the first time by the neutrino telescope IceCube at the
South Pole (USA, Germany, and Sweden). It proved the po-
tential of the creation of a set of similarly-sized telescopes
in accordance with the proposal made by M.A.Markov
in 1960. The results of data processing obtained using the
Baikal-GVD clusters installed earlier showed its ability to
register high-energy neutrinos and the need to extend its
volume in order to increase its reliability and the accuracy
of the results.

Properties of the Baikal waters, as well as the compo-
sition of other circumstances, give an opportunity to cre-
ate a unique facility in terms of its sensitivity and angular
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areMeHT ceTd B CeBepHOM MOTYIIAPHH 3EMITH U KaK «IIep-
BBIM IIar» Ha MyTH CO3/IaHUs MEXIAYHApOJAHOIO HAay4HO-
ro koHcopuuyma «lmoGambHass HeWTpuHHAs oOcepBaro-
pus» (GNO).

Teneckonsl, pacronoxeHHbie B CeBepHOM MOJTyIlIa-
puH, 00J1a1a10T BAXKHBIM ITPEUMYIIECTBOM: OHH CITIOCOOHBI
BECTH IPAKTHYECKH HEIPEPHIBHOE HAOIIOCHNE IIEHTpa
lanaktuku (Baikal-GVD — 18 wacoB u KM3NeT —
15 4acoB B TeueHHE CYTOK) M TAIaKTHYECKOW IIOCKOCTH,
T7ie CKOHIICHTPUPOBAaHA OCHOBHAS YaCTh MOTCHIIMAIBHBIX
TaJlaKTUYeCKUX MCTOYHUKOB KOCMHUECKHUX JIyuell (ITyiib-
capbl, OCTAaTKH CBEPXHOBBIX, JABOMHBIC CUCTEMBI U T.J.),
BKJIIOYass MAaCCHBHYIO UYEpHYIO IbIpy Sgr A* B meHTpe
lanmaxtukn. CoBmecTHast pabora B ceTn oOecmeymBaeT
HenpepbIBHOE HaOIIoIeHUE 110 Beell HebecHoit cdepe 6e3
norepy 3PEeKTUBHOCTH.

B pesymnbrare COBMECTHOH IEATENIFHOCTH B OONIACTH
HCCIIe/IOBaHNH, pa3paboToK, IMPOM3BOJICTBA B TEYCHHUE
2018-2019 rr., a Takke MOHTXXHBIX PabOT BO BpeMsl IKC-
menuiun Ha o3epo baiikan ¢ 15 despans mo 12 ampens
2019 r. ObLIM BBEICHBI B CTPOH €IIe 1Ba KjacTepa co3ia-
BaeMOro nTyOOKOBOJHOTO HEHTPHHHOTO TeJeckora Kyoo-
KkutomeTpoBoro maciTaba Baikal-GVD.

Bcero B pexxume HabOpa JTaHHBIX B HACTOSIIIIEE BPEMS
paboTaer 5 KIacTEpOB, COCTOSAIIMX W3 8§ BEPTHKAIBHBIX

THPJISIH] ONTHYECKUX MOMAYIEH KaKIplid, mo 36 omrude-
CKUX Mojylneil Ha rupisiHae. OOlee KOJMYeCTBO OITH-
yeckux monyneit — 1440, oHun pa3merieHsl Ha TITyOMHE
750-1350 M B dWeThIpex KWJIOMETpax OT Oepera o3epa
Baiikan B paitone 106-ro kmnomerpa KpyroGaiikanbckoit
XKeae3Hol noporu. DddexTHBHBIH 00bEM yCTAaHOBKH
Joctur ypoBHS ~0,25 KM JUTSL JIMBHEBBIX COOBITHI OT
HEUTPUHO BBICOKMX DJHEPrui, 4TO IO3BOJISET OXKUIATh
JIBa-TPU COOBITHS B TOJ OT acTPOPHU3NIECKUX HEUTPUHO C
sHeprusiMu, npesbimaromumu 100 TaB.

B cocraB Teneckomna Takke BXOAUT Psifl EPCIEKTUB-
HBIX YCTPOICTB, C HOMOIIbIO KOTOPBIX UCCIETYIOTCS CIHO-
COOBI THAPOAKYCTHIECKON PETHCTPAIMN HEHTPUHO CBEPX-
BBICOKHX HEPI'HH, HOBBIE CIIOCOOBI OIIPE/IeIeHHS KOOPAN-
HaT ONTUYECKUX MOJYJIEH, YCTPOICTBA [IJ1s1 UCCIIEIOBAHUI
Y MOHMTOPHUHTA THPOJIOTUYECKUX U ONITUYECKUX CBOUCTB
BOJIHOH cpejibl, yCTPOMCTBO JUIsl M3MEPEHUS] BapUATUBHO-
CTH HANPSHKCHHOCTH JJIEKTPUYECKOTO IOJS B BOISHOM
tonuie o3epa baiikan.

Bo Bpewmst axcrieguiinu 2019 1. OBIT BEIITOTHEH YIIBO-
€HHBbI 00beM paboT M0 CPaBHEHMIO C TPOILIBIM TOJIOM.
s ux obecrieuenuss B 2018-2019 rr. opraHuzanusMu
osuto mpomseeneHo 600 omrtwueckux u 80 yrpaBisio-
IIUX IEKTPOHHBIX MOMYJIEH B TIIyOOKOBOZHOM HCIIOJI-
Hernu. Oco0oe BHUMaHKE ObLIO YICICHO O0ECIICUCHHIO

resolution, thus opening new horizons in astronomy and
astrophysics.

The Baikal deep underwater neutrino telescope
is a unique scientific facility of Russia, and, along with
IceCube, ANTARES and KM3NeT, is included in the
Global Neutrino Net (GNN) as the most significant ele-
ment of the net in the Northern Hemisphere and as the first
step in the creation of the international scientific consor-
tium “Global Neutrino Observatory” (GNO).

Telescopes located in the Northern Hemisphere have
an important advantage: they can carry out almost per-
manent monitoring of the Galactic Center (Baikal-GVD
operates 18 h a day; KM3NeT operates 15 h a day) and
the galactic plane, where a major part of potential galactic
sources of cosmic rays is concentrated (pulsars, rests of
supernova, dual systems, etc.), including the supermassive
black hole Sgr A* in the Galactic Center. Joint work in the
net provides permanent observation of the entire celestial
sphere without loss in effectiveness, and this is the aim and
the advantage of joint activities.

Members of the “Baikal” collaboration report that two
clusters of the deep underwater neutrino telescope of cu-
bic-kilometer scale, Baikal-GVD, were brought into opera-
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tion during the expedition to Lake Baikal from 15 February
to 12 April 2019 as a result of joint research, developments,
and production in 2018-2019 and assembly.

In total, five clusters now operate in data acquisition
mode. Each cluster consists of 8 vertical strings of optical
modules with each string containing 36 modules. There
are 1440 optical modules in total, placed at a depth of 750—
1350 m located 4 km away from the bank of Lake Baikal,
near the 106th km of the Circum-Baikal Railway. The ef-
fective volume of the facility reached a level of 0.25 km?
for shower events from high-energy neutrinos, thus allow-
ing scientists to expect two to three events per year from
astrophysical neutrinos with energies exceeding 100 TeV.

The telescope also consists of a set of advanced de-
vices which use new methods of defining the space axes
of the optical modules. These devices are used for the re-
search and monitoring of hydrologic and optical properties
of the water environment, and include equipment for mea-
suring the variability of the electrical field intensity in the
waters of Lake Baikal.

During the expedition of 2019, double amount of
work was carried out when compared to the previous year.
Organizations produced 600 optical and 80 control elec-
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[1y6oKoBOHBIE PAGOTHI Deep underwater ~ OuepenHoit onTuyecKuit One more optical module
10 MOHTAKY THPJISIH[bI assembly of a string ~ MOy/Ib IOATOTOBIIEH is prepared for immersion
K TIOTPY/KEHHIO

[Mocnennee oto mepes yXomoM co Jibja. The last photo before leaving the ice.
Okcnequnus 2019 r. 3aBeprieHal Expedition-2019 is completed!
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HaJIS)KHOCTH TITyOOKOBOIHOH armaparypsl. [Ipon3seneHbt
BCE DJEMEHThl HECYIIMX IITyOOKOBOJHBIX KOHCTPYK-
LU, KaOelbHbIE MOJABOJAHBIE MAaruCTpaJbHbIE M CeTe-
BbI€ COGAMHEHMS, MOJAEMBI T'MIPOAKyCTHUYECKOH CHCTe-
MBI TIO3UIIMOHUPOBAHUSA U JPYTHE 3JIEMEHTHI TEIECKOIa.
YCOBEpIIEHCTBOBAHBl TEXHOIOTUH TIOATOTOBHTEIBHBIX,
[TyOOKOBOJIHBIX M MOHTXHBIX Pa0OT C TOBEPXHOCTH
JB/Ia, PacIIMpeH MapK CIIEHUAIBHOTO aBTOTPAHCIOPTa H
TPAKTOPOB, CYIICCTBEHHO YIIYYIIICHBI YCJIOBUS TpylIa H
ObITa NPHE3KAIOUINX CHEIUATICTOB.

Bcero B skcneauiun yyactBoBasio 60 HaydHBIX CO-
TPYAHUKOB, MHXXEHEPOB, TEXHHUKOB, PabOUYMX, BKIIOYAsS
BONOHTEPOB. Cpey HUX 5 CHEeNNATNCTOB U3 3apyOeKHBIX
opraHu3anuil.

B pesynbrare nporpamma skcneauuuu 2019 . Beimosn-
HEHa MOJIHOCTHIO. B JTo0NHeHNe K yCTaHOBKE IBYX HOBBIX
KJIACTEPOB THUPJISIHA TITyOOKOBOAHBIX ONTHYECKHX MOIY-
Jiel TIpOBe/IeHbl PEMOHTHbIE M NpoduiakTuyeckue pado-
THI Ha TpeX KJIacTepax, ycTaHoBIeHHBIX B 2015-2018 T,
TIPOJIOYKCHEI /IBE HOBBIC TITyOOKOBOAHBIC JTHHUAU KaOeib-
HOW cBsi3u. Bce cucTeMbl Teneckorna OBUTH MHOTOKPAaTHO
MIPOTECTUPOBAHBI U MOCTABJICHBI B IITATHBIN PEXHUM Ha-
0opa TaHHBIX.

tronic modules in deep water. Special attention was paid
to the reliability of the underwater equipment. All compo-
nents of the supporting underwater structures, underwater
cable trunk and network connections, modems for the hy-
droacoustic system of positioning, and other elements of
the telescope were produced. Technologies for preparation
and assembly activities were developed; the parking area
for special purpose cars and trucks was extended; work
and life conditions of incoming specialists were signifi-
cantly improved.

In total, 60 researchers, engineers, technicians, crafts-
men, including volunteers, took part in the expedition.
Five specialists came from foreign organizations.

The programme of expedition-2019 was fully imple-
mented. In addition to two new clusters of strings of deep
underwater optical modules, repair and routine mainte-
nance work was done on three clusters installed in 2015-
2018, and two new bottom-lying underwater lines of cable
communication were built connecting the facility with the
coastal center. All of the telescope’s systems have been re-
peatedly tested and put into regular data acquisition mode.
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